A direct comparison of the properties of natural and designed zinc-finger proteins.
Zinc-finger proteins of the Cys2His2 type constitute an important family of DNA-binding proteins. Each zinc-finger domain has three residues that are thought to be important in determining DNA binding site specificity. Proteins have been designed previously by combining zinc-finger domains with a fixed sequence framework with different DNA-contacting residues. We compared the DNA-binding properties of the DNA-binding domain from the human transcription factor Sp1, which contains three zinc fingers, with designed proteins in which the sequences of the structural framework were greatly modified but the presumed DNA-contacting residues were retained. Frameworks based on a zinc-finger consensus sequence and on a minimalist sequence consisting largely of alanine residues were studied. The preference for binding to the target sequence, 5'-(G,T)GG G(C,A)G GG(G,T)-3', was retained in all cases tested. The consensus framework-based protein was found to be superior to the natural one in terms of overall DNA-binding affinity, the degree of sequence discrimination, and the resistance to inactivation by chelating agents. Our observations provide direct evidence that the residues previously observed to interact with the DNA bases are indeed the most important residues for determining DNA-binding specificity. We have also shown that these domains can tolerate considerable sequence variation while retaining function as well as three-dimensional structure. Finally, they show that framework modification can be used to generate proteins that have normal or enhanced DNA-binding activity but have different metal-binding properties.